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Sunday, February 3, 2013 57asimulations implemented in Rosetta to probe the heterogeneous, dynamic and
transient ensemble of IAPP oligomers and define structural models for a family
of membrane-bound IAPP dimers [Nath, Miranker & Rhoades. (2011) Angew.
Chemie. Intl. Ed. 50(46):10859]. Here we describe efforts, based on this novel
structural insight, to design and identify small molecules and peptides that bind
selectively to particular configurations of IAPP dimers, and thereby bias the
oligomeric ensemble so as to alter membrane-binding and subsequent toxicity
mediated by higher-order states. Small molecules were identified from large
commercial libraries (N > 100000) using a virtual screening protocol incorpo-
rating computational docking and statistical inference, while short, selective
peptides were generated using RosettaDesign. The effects of these compounds
on IAPP membrane-binding, conformation and cytotoxicity were then charac-
terized using fluorescence correlation spectroscopy (FCS), spFRET and cell vi-
ability assays. Active modulators could serve as valuable tools in mechanistic
studies of membrane disruption mediated by IAPP, and might also function as
leads for new therapeutics targeting T2DM. In addition, the strategies devel-
oped here could serve as a framework for efforts targeting other clinically-
relevant amyloidogenic intrinsically disordered proteins such as a-synuclein,
amyloid-b and tau.
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Human islet amyloid polypeptide (hIAPP) is an intrinsically disordered hor-
mone that is co-secreted with insulin in the beta-cells of the pancreas. The ag-
gregation of hIAPP into insoluble amyloid fibrils is believed to play a causal
role in type 2 diabetes. The rodent variant (rIAPP), differing by 6 of 37 amino
acids, does not aggregate into amyloid fibrils and inhibits hIAPP amyloid for-
mation. Both these properties have been attributed to rIAPP’s three proline mu-
tations (A25P, S28P and S29P). Single proline mutants of hIAPP have also
been shown to kinetically inhibit hIAPP fibril formation. Because of their in-
trinsic dihedral angle preferences, prolines are expected to affect monomer con-
formational sampling. However, the specific effect of proline substitutions on
IAPP structure and dynamics has not yet been explored. Detecting such prop-
erties is challenging due to the low molecular weight, fast reconfiguration
times, and very low solubility of IAPP peptides. High resolution, time resolved
techniques are needed.
We use a nanosecond laser spectroscopy technique to measure end-to-end con-
tact formation rates in IAPP mutants. Using this technique, Vaiana et al.
showed that rIAPP populates more extended conformations, characterized by
larger end-to-end distances, compared to hIAPP. Here we study the effects
of proline substitutions in IAPP and characterize them in terms of intrinsic
chain stiffness. We find that the three proline mutations alone do not explain
rIAPP’s increased chain stiffness. Interestingly, early experiments by Green
et al. show that mutating the non-proline residues in rIAPP renders it capable
of forming amyloids. Together these results suggest that rIAPP’s unique chain
stiffness is a determinant for its non-amyloidogenic properties. We discuss the
reasons for this peptide’s unique chain stiffness and the implications of our
findings on the effect of prolines in IDPs.
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Few crystal structures are available for transporters related to the biomedically
important neurotransmitter transporters, such as the serotonin and dopamine
transporters. One of these structures is the bacterial analog LeuT, which trans-
ports Leucine. Until recently the available crystal structures of LeuT provided
information on only two distinct states: an outward open state, where the S1
substrate-binding site is exposed to the extracellular vestibule, and an occluded
state, where the S1 binding site is occluded from both the extracellular and in-
tracellular vestibules. Therefore, there was not enough structural information to
support an understanding of the substrate transport mechanism. Several com-
putational models emerged to describe the inward facing conformation ofLeuT in which the substrate is released. Given the structural information,
some of these models (e.g., the symmetric inward open model - SIO) assumed
rigid body motions in which the molecule would transition between the out-
ward open-occluded-inward open states. We attempt to evaluate the feasibility
of various models of LeuT by generating a transition path between distinct con-
formational states using the Motion Planning (MP) module Pathrover, a method
that can identify a set of low-energy, clash-free structural intermediates be-
tween known end states. Because the sodium-hydantoin transporter Mhp1,
which transitions between the same kind of states, has been crystallized in three
distinct conformations, and intermediates have been calculated from a force-
based approach, dynamic importance sampling (DIMS), it was used here to
test the robustness of the Pathrover approach. For Mhp1 we find a clear overlap
between the Pathrover computed intermediates and the DIMS intermediates,
and conclude that the transition among the Mhp1 states is well represented
by Pathrover. The intermediates calculated for LeuT in this work form the basis
for comprehensive molecular dynamics simulations probing the molecular
mechanism.
293-Pos Board B62
Molecular Modeling and Molecular Dynamics Simulations of Recombi-
nase Rad51
Yuichi Kokabu, Mitsunori Ikeguchi.
Yokohama City University, Yokohama, Japan.
DNA strand exchange is the central reaction of homologous recombination,
which is catalyzed by Rad51 recombinase in eukaryotes. In the reaction, a fila-
ment comprised of Rad51 and ssDNA searches a homologous DNA strand, and
exchanges those strands. In the presence of ATP, Rad51 can form active
filaments.
The yeast Rad51 dimer structure in the active form of the filament was con-
structed using homology-modeling techniques, and all-atom molecular dynam-
ics (MD) simulations were performed using the modeled structure. We found
two crucial interaction networks involving ATP: one is among the g phosphate
of ATP and Kþ ions; the other is among the adenine ring of ATP.
Multiple MD simulations were performed in which the number of bound Kþ
ions was changed. The simulated structures suggested that Kþ ions are indis-
pensable for the stabilization of the active dimer and resemble the arginine
and lysine fingers of other P-loop containing ATPases and GTPases.
Furthermore, in MD simulations starting from a structure just after ATP hydro-
lysis, the opening motion corresponding to dissociation from DNA was ob-
served. These results support the hypothesis that ATP functions as ‘‘glue’’
between protomers.
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HIV-1 reverse transcriptase is a critical drug target for HIV treatment, and
understanding the exact mechanisms of its function and inhibition would
significantly accelerate the development of new anti-HIV drugs. RT is a heter-
odimeric, multifunctional, multidomain protein with a 66 kDa subunit contain-
ing all of the catalytic active sites, and a 51 kDa subunit which is thought
to provide structural stability to the larger subunit. Structural information on re-
verse transcriptase alone has proven to be insufficient to explain the mechanism
of inhibition and drug resistance of non-nucleoside reverse transcriptase
inhibitors. Elastic network modeling provides a technique to rapidly probe
and compare protein dynamics. Combining elastic network modeling with
hierarchical clusters of both structural and dynamic data reveals a wealth of
novel information. Here we present an extensive survey of the dynamics of
reverse transcriptase bound to a variety of ligands with a number of mutations,
revealing a novel mechanism for drug resistance to non-nucleoside reverse
transcriptase inhibitors, where hydrophobic core mutations subtly shift the
position of the thumb subdomain, restoring active-state motion to multiple
functionally significant regions of HIV-1 RT. This model arises out of a combi-
nation of structural and dynamic information, rather than exclusively from one
or the other.
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The DNA-binding protein menin is known to play important roles in a num-
ber of cancers and may have a role in type-II diabetes (T2D). In particular,
58a Sunday, February 3, 2013based on recent studies of ablation of multiple endocrine neoplasia type 1
gene (MEN1, which encodes menin) in mice, identifying a novel means to
enhance beta cell regeneration by repressing menin is being pursued as
a new avenue for T2D treatment. In particular, it has been shown that menin
ablation reverses preexisting glucose intolerance, a hallmark of T2D, suggest-
ing that inhitors of menin would also have this effect. Recent crystal struc-
tures of menin in co-complex with short peptide fragments as well as
small molecule inhibitors have indicated that it has a deep druggable pocket
and is known to form complexes with several proteins via this pocket. These
characteristics make menin an ideal target for computational docking studies
of lead compounds to optimize binding affinity. In this study, we perform
molecular dynamics simulations of the recently solved crystal structure of
menin and pursue an ensemble (or multiple protein conformation) docking
strategy in order to determine a number of different bound conformations
of small molecule inhibitors to this protein. While the insilico docking stud-
ies of the inhibitors are performed using a flexible-ligand, rigid protein ap-
proach, docking to different snapshots of the protein obtained through the
molecular dynamics approach allows for implicit protein flexibility. The dif-
ferent docked poses from the high-dimensional dataset are clustered and the
most probable conformations are used to suggest new higher affinity ligands.
Efforts to procure these ligands and experimentally determine their binding
affinities in order to validate the insilico screen/design are simultaneously be-
ing pursued.
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Although the two domains of Calmodulin (CaM) are topologically similar, they
differ in structural flexibility, stability, and Calcium binding affinity. Our
coarse-grained simulations of the open-closed conformational transitions in
Calcium-free Calmodulin (CaM) suggest kinetic scenarios in which the transi-
tion mechanisms for the two domains are distinct as well. Both domains have
the same qualitative thermodynamic mechanisms: a ‘‘low temperature’’ two-
state mechanism in which the domain remains relatively structured throughout
the transition, and a ‘‘high temperature’’ mechanism involving a partially
folded, unstable intermediate in the transition landscape. Under the same sim-
ulation conditions, the N-terminal domain (nCaM) exhibits two-state behavior,
while the C-terminal domain (cCaM) populates the partially folded intermedi-
ate. The simulated transition rate for cCaM is much smaller due to the transient
unfolding and refolding along the transition route compared to the two-state
transition rate for nCaM. Differences in transition rates for the Calcium-free
open/closed transition could explain measured binding rates of Ca2þ for the dif-
ferent domains. For example, slower conformational kinetics caused by the par-
tially folded intermediate may bias cCaM towards a conformational selection
binding mechanism, while nCaM maintains induced fit binding under some
range of calcium concentration. Here, we explore such binding scenarios
qualitatively.
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An emerging point of view in protein chemistry is that proteins are not the static
objects that are displayed in textbooks but are instead dynamic actors. Protein
dynamics plays a fundamental role in many diseases, and spans a large hierar-
chy of timescales, from picoseconds to milliseconds or even longer. Nanoscale
protein domain motion on length scales comparable to protein dimensions is
key to understanding how signals are relayed through multiple protein-
protein interactions. A canonical example is how the scaffolding proteins
NHERF1 and ezrin work in coordination to assemble crucial membrane com-
plexes. As membrane-cytoskeleton scaffolding proteins, these provide excel-
lent prototypes for understanding how regulatory signals are relayed through
protein-protein interactions between the membrane and the cytoskeleton.
Here, we review recent progress in understanding the structure and dynamics
of the interaction. We describe recent novel applications of neutron spin
echo spectroscopy (NSE) to reveal the dynamic propagation of allosteric sig-
nals by nanoscale protein motion, and present a framework to analyze the
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The rates of protein conformational changes are usually not only limited by ex-
ternal but also internal friction, however, the origin and significance of this lat-
ter phenomenon is poorly understood. It is often found experimentally that
a linear fit to the reciprocal of the reaction rate as a function of the viscosity
of the external medium has a non-zero value at zero viscosity, signifying
the presence of internal friction. To better understand this phenomenon, we
have performed molecular dynamics simulations of a conformation change
of trypsin, where we could separately control the friction of the surface and
the interior of the protein. Here we present the results of our simulations,
and also compare them to the experimental data obtained for the activation
of trypsin.
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Von Willebrand factor (VWF) is a huge multimeric extracellular protein play-
ing a crucial adhesive role in hemostasis. In response to shear stress, VWF
binds to the GP1ba receptor of platelets via its A1 domain, to build a plug
that stops the bleeding of an injured blood vessel. Recent experimental studies
revealed that the binding of GP1ba is altered by the presence of individual A2
subunits, suggesting that A2, adjacent to A1, interacts with A1, thereby shield-
ing the binding site for GP1ba. In addition, electron microscopy studies mea-
sured the distance between the center of masses of A1 and A2, varying from
~4.6 nm, in which the two subunits may be in contact, to ~11 nm, in which
the two subunits are not in contact (Zhou YF et al. EMBO J. (2011) 30:
4098-4111). Apart from these distance estimates, little is known on how A1
and A2 interact with each other and thereby modify GP1ba binding, and
how this inhibition is sensitive to mechanical forces in flowing blood. We ad-
dress these issues by using molecular docking, and equilibrium and force probe
molecular dynamics simulations. Our study predicts a stable structure of the
A1-A2 complex, in which A2 binds to the same site in A1 as GP1ba does,
over a time scale of hundreds of nanoseconds. This inhibition is relieved under
a stretching force, explaining how A2 can inhibit Gp1ba binding to A1 in
a shear-flow dependent manner. Overall, our simulations suggest a new and in-
triguing mechanism on an intermolecular auto-inhibition that allows a shear-
sensitive growth of blood coagulates, which reconciles previous and can be di-
rectly tested by future experiments.
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Disulfide bonds are ubiquitous covalent links in proteins. By providing a protein
fold with additional structural constraints they can tune protein stability and
function. We find disulfide bonds to exhibit a varying degree of pre-stress
[1]. Using a new Force Distribution Analysis of forces obtained fromMolecular
Dynamics simulations [2], we identified particularly tensed disulfides, with
inter-cysteine forces of 143.34 pN for Cys130-Cys159 in CD4 and 165.47
pN for Cys27-Cys37 in the von Willebrand factor C1 (vWFC1) domain. Re-
markably, the order of magnitude of these internal forces is coinciding with
those required to unfold or activate proteins, and thus likely to play an impor-
tant role in the protein’s integrity. The pre-stressed disulfide bonds link adja-
cent strands in the same antiparallel b-sheet, and have been previously
classified as ‘allosteric disulfide bonds’ due to their unusual and unfavourable
dihedral configuration [3]. We calculate reduction rates of the two disulfide
bonds to increase due to the intrinsic tension by a factor of two to three as com-
pared to the other comparably relaxed disulfide bonds in CD4 and vWFC1. This
trend is preserved in a survey over all disulfide bonds in protein structures cur-
rently deposited in the Protein Data Bank, with disulfide bonds linking two ad-
jacent strands in a b-sheet featuring a significantly larger sulphur-sulphur bond
length on average. The decreased thermodynamic and kinetic stability of
